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different imaging parameters are shown in Table 1. For each sequence on
the 3T magnets, a T2 map was also obtained directly from the scanner.
Table 1. The different magnets and imaging parameters used in this
paper
ID Manufacturer Model Magnet TR(ms) TE(ms)
1 Philips Achieva 3T 1050 13, 26, 39, 65, 78, 91
2 Philips Intera 3T 1050 13, 26, 39, 65, 78, 91
3 Siemens Verio 3T 1000 12, 23, 35, 47, 59, 70
4 GE Signa HDxt 1.5T 800 8, 17, 25, 33, 42, 50, 58, 67
5 Siemens Symphony 1.5T 3900 14, 84
Results: To look at intra-site variability, the T2 values from magnet 1
were calculated from ﬁve repeated scans. The average COV for the T2
values from the site T2 maps was 6.46%. For the centrally calculated T2
values, the average COV was 3.98%. To determine the intersite variability,
the average T2 values were calculated from the site T2 maps for magnets
1–3. Results are shown in the graph. Average COV for the site values was
46.8%. For the centrally calculated T2 values, the average COV was 6.0%.
To see if the choice of imaging sequence or manufacturer greatly effected
the variability of centrally calculated T2 maps, centrally calculated T2
values for magnets 4 and 5 were added into the analysis. The average
COV for the centrally calculated T2 values 5.0%. The Pearson correlation
for site calculated values was R=0.63, and for the centrally calculated
values, R = 0.99.
Figure: Site vs centrally calculated T2 relaxation time.
Conclusions: From the results, it can be seen that there is a clear
advantage to using centrally calculated T2 values, and that using T2
values generated from the scanner introduces substantial variability. It
is also evident that it is feasible to run a multi-site clincal trial where T2
relaxation time is used as an imaging endpoint. The next step is to scan
and analyze knees imaged on multiple magnets.
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A TECHNIQUE TO ANALYZE REGIONAL VARIATIONS IN MR
RELAXATION TIMES OF HIP JOINT CARTILAGE
K. Subburaj, A. Valentinitsch, A.B. Dillon, G.B. Joseph, T.M. Link,
S. Majumdar. Univ. of California, San Francisco, CA, USA
Purpose: The purpose of this study was to develop a new technique to
analyze regional variations of MR (T1rho) relaxation times in hip cartilage
on magnetic resonance (MR) images. Due to the thin and adhesive nature
of the two articular hip cartilage layers, morphological and relaxometry
analysis of this tissue have generally considered the two layers as a single
unit. However, the loading of the hip and thus the degenerative changes
in Osteoarthritis (OA) may vary locally, depending on the physical activity
being performed, anatomy of the joint, and the composition of the
cartilage, thus emphasizing the need for regional analysis of healthy and
degenerated hip cartilage. We present a methodology to automatically
divide the femoral and acetabular cartilage into regional segments using
anatomical and image coordinates for such analysis and demonstrate
regional variations in hip T1rho.
Methods: The hip joints of 10 young healthy volunteers (mean age =
26.4±4.6 years, mean BMI = 23.3±2.4) were imaged using a 3T GE MR
Scanner (GE Healthcare, Waukesha, WI). Both layers of cartilage in each
joint were segmented as a single unit by the same investigator on sagittal
3D high-resolution SPGR images using a semiautomatic segmentation
technique. A sphere was ﬁtted to the contours of the cartilage and the
center of the sphere was taken as the center of the femoral head (CFH)
for further computation. (i) Starting from CFH, the sphere was divided
into two by a plane parallel to the imaging sagittal plane, yielding medial
and lateral cartilage regions. (ii) The global cartilage region was divided
into 4 quadrants (AS, AI, PS, and PI) by vertical (pv) and horizontal (ph)
planes, parallel to the coronal and axial imaging planes respectively,
passing through CFH (Fig. 1). (iii) Each quadrant (R4) was further divided
into three equal sub-regions, for a total of 12 regions. Single exponential
decays were ﬁtted voxel-by-voxel with a two-parameter nonlinear ﬁtting
routine to calculate T1rho maps. The mean value of each sub-region was
computed after superimposing the divided cartilage contours on the
T1rho maps to quantify the relaxation times. To assess the differences in
T1rho in the sub-divided regions compared to that of the global region,
a simple Student’s t-test was performed with Boneferroni correction for
12 regions (p < 0.004).
Results: A representative T1rho map with cartilage regions is shown in
Fig. 1. The global (ie. femoral and acetabular, FA) cartilage T1rho value
of the 10 subjects was 38.1±4.9msec. The regional analysis showed
relatively lower T1rho values in the posterior superior region R6 than in
the neighboring regions and it was signiﬁcantly lower than the global
mean (P < 0.004). In contrast, the neighboring posterior superior region
R5 showed the highest T1rho value in FA cartilage (43.4±5.2ms), femoral
cartilage (39.93±4.0ms), as well as acetabular cartilage (43.2±6.4ms)
and it was signiﬁcantly (P < 0.0001) higher than the global mean (Fig. 2).
Fig. 1.
Fig. 2. Femoral-acetabular cartilage.
Conclusions: Relatively lower T1rho relaxation times in the posterior
superior region R6 (as shown in Fig. 1) may result from decreased
water content due to higher pressures on weight-bearing cartilage,
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as well as possible regional differences in cartilage matrix structure.
Quantiﬁcation of regional variations in hip cartilage T1rho indicate that
the regional analysis gives more thorough insight into articular cartilage
composition than a global analysis alone and the technique may be useful
in classifying patients based on region-speciﬁc cartilage degeneration.
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EVALUATION OF CARTILAGE DEGRADATION IN ARTHRITIS USING
T1ø MAGNETIC RESONANCE IMAGING MAPPING
K. Okazaki, H. Tsushima, T. Ushijima, Y. Iwamoto. Kyushu Univ., Fukuoka,
Japan
Purpose: T1ø magnetic resonance imaging (MRI) can be used to map
proteoglycan (PG) loss in cartilage. However, recent studies have used
comparatively large region of interests (ROIs) in cartilage even though
cartilage degradation in severe OA subjects has been demonstrated to
be heterogeneous. The purpose of this study was to conﬁrm that T1ø
MRI is a useful method for mapping cartilage degradation in arthritis by
comparing T1ø values, the degree of macroscopic cartilage changes and
semi-quantitative measurements of PG in the corresponding relatively
small ROIs.
Methods: Tissue samples were obtained from 5 RA patients and 14 OA
patients following total knee arthroplasty (TKA). Three parameters were
measured: First, macroscopic grading of cartilage sample tissues was
performed on a 5-grade scale (G0: normal, G1: swelling, G2: superﬁcial
ﬁbrillation, G3: deep ﬁbrillation, G4: subchondral bone exposure).
Second, semi-quantitative values of PG were assessed by measuring
the optical density of Safranin-O stained parafﬁn sections that had been
digitally photographed. Third, cartilage was divided into superﬁcial and
deep layers and the T1ø values were quantiﬁed.
Results: T1ø values of OA and RA in the superﬁcial layers showed
signiﬁcant differences between groups (G0/1 and G0/2 for OA; G0/2
and G1/2 for RA). In the deep layers, T1ø values of OA and RA also
differed signiﬁcantly between groups. In both the superﬁcial and deep
layers, there was a signiﬁcant correlation between the mean T1ø values
and macroscopic grading (p < 0.01 for OA, p < 0.001 for RA). We also found
a negative correlation between the score of Safranin-O staining and T1ø
values (r = −0.61 for OA, r = −0.79 for RA). In addition, RA subjects had
signiﬁcantly higher T1ø values than OA subjects of similar morphologic
grade.
Conclusions: T1ø MRI is able to detect and map the early stages of
cartilage degradation in OA and RA subjects. This method is reliable
and useful for the evaluation of macromolecular changes in arthritic
cartilage.
404
MENISCAL MOVEMENT IN THE LOADED KNEE
E.A. Semple, J.S. Gregory, G.P. Ashcroft, F.W. Smith, A.G. Sutherland,
R.M. Aspden. Univ. of Aberdeen, Aberdeen, United Kingdom
Purpose: To determine the effect of weight-bearing on the position of
the menisci using positional MRI (pMRI). We measured movement of the
menisci between a supine and an upright, weight-bearing posture and
during weight-bearing ﬂexion of the knee.
Methods: Left knees of 6 subjects (2 male, 4 female, 18–40 years) with
no history of knee injury were scanned with pMRI (Fonar 0.6 T Upright).
7 sagittal images were taken through each femoral condyle using a T1-
weighted fat suppressed sequence. Subjects were scanned supine, then
weight-bearing with knees in extension and in 30°, 60° and 90° of ﬂexion.
3D reconstructions were generated using Mimics (Materialise, Shefﬁeld,
UK) and measurements of meniscal and tibial position taken using the
ﬂexion facet centre (the centre of a circle ﬁtted to the posterior arc
of the femoral condyle) as a reference. Antero-posterior measurements
were obtained for all subjects, heights and lateral measurements for
4. Results are expressed as mean (SD) and two way repeated measures
ANOVA was used to test for signiﬁcant differences between standing and
supine and linear regression for changes with ﬂexion (SigmaPlot v11).
Fig. 1. Meniscal movement (a) between supine and weight-bearing and
(b) with ﬂexion viewed in the transverse plane and in cross-section.
Results: The 3D reconstructions showed posterior movement of the
menisci relative to the femur with ﬂexion in the weight-bearing knee.
ANOVA and regression results are summarised in Figure 1. Between
supine and weight-bearing, meniscal height increased by 1.19 (0.53) mm
(P =0.005) for the lateral and 0.31 (0.26) mm (P =0.32) for the medial
meniscus. The inner border of the medial meniscus moved towards the
centre of the joint by 2.4 (2.2) mm (P =0.048). The posterior horns
widened posteriorly (P =0.011), the lateral by 1.9 (2.4) mm and the
medial by 1.6 (2.2) mm. The medial anterior horn moved posteriorly by
2.8 (2.1) mm (P =0.02) and 3.2 (3.8) mm (P =0.014) for the posterior and
anterior borders respectively, resulting in a narrowing of 0.4mm.
With weight-bearing ﬂexion the medial tibial plateau moved 0.94mm
superiorly (R2=0.42, P < 0.001) and the lateral plateau 3.8mm anteriorly
relative to the femur for every 30° of ﬂexion (R2=0.68, P < 0.001). The
